Abstract-We compare the signal-to-noise ratio performances of quality is bad, the relay does not transmit but conserves it's an amplify-forward relay link and a direct link in a wireless transmit power and lets the destination to decode the direct sensor network. For a slow Rayleigh fading channel, an exact reception from the source. In AF, the relay simply amplifies expression for the probability that the SNR of an amplifyits received signal from the source and then transmits it to the forward relay link exceeds the SNR of a direct link is obtained. 
In this paper, we present an analysis that shows when a fading; Rician fading. direct transmission from S to D may be preferable to the signal from the AF relay scheme. We are not combining the signals from the direct path and the relay path, but we are simply trying to determine, given the power constraints, when a In cooperative relaying, the availability of relay channels relaying may or may not be useful.
between a source (sensor) and a destination is exploited by appropriately combining signals arriving via various relay channels. A summary of cooperative diversity along with a
II. ACHIEVABLE SNR IN S-TO-D AND AF SCHEMES IN
chronological order of developments is provided by Laneman FADING CHANNELS et al. in [1] . In a two-part paper, Sendonaris and Aazhang
Let PT denote the transmit power from the source and have provided the concept and the implementation aspects of define the channel gains (coefficients) in different links as cooperative diversity for wireless networks of mobile users follows: a,, a2 ad for S to R, R to D, and S to D, [2] - [3] .
Laneman et al. propose cooperative diversity for relaying respectively. If the power amplification gain in the AF in wireless sensor networks [1] . Their analysis primarily scheme is g and if the noise power picked up by the relay considered a single relay terminal (R) helping the receiver (destination receiver) is denoted as N1 (N2), then communications between a source (S) and a destination (D), the effective received powers at the destination produced by even though they point out possible extensions to situations AF and direct reception are given by involving multiple relays. They had formulated two schemes, PRAF = a2 {g(Si + Ni)} (1) namely, amplify and forward (AF) and decode and forward 2 (DF) under fixed relaying procedures and two other schemes, PR,d = d PT, (2) namely, selection relaying and incremental relaying under where S1 is the received power at the relay and is given by adaptive relaying procedures. In selection relaying, depending S_ T (3) on the quality of the link between the source and the relay, a 51(IP() decision as to whether the relay would retransmit the message The effective SNR (i.e., the ratio of the signal power from the it had received from the source would be made. When the signal term in (1) and the noise power, which is the sum of the For a given value of g, the probability that the SNR of AF is (Al , ac2), (Ad, ), respectively [6] . Here Ai represents better than that of the direct link is given by (upon rearranging the amplitude of the line of sight (los) component of Rice I = P(g at ac2-ad (i ± g a2)> o). In this paper, for an amplify-forward relaying scheme, we the ratio of section II (i) iS equivalent to -. Hence, the iI y2 S evaluated and studied the variation of the probability that the SNR of amplify-forward link exceeds the SNR of the direct upper bound is a function of the three parameters, link. While an exact expression for the probability was , rd and y . A numerical study of the behaviors of this derived for the Rayleigh fading case, only an upper bound, upper bound and the exact probability for the Rayleigh case is corresponding to an infinite power gain at the relay, was presented in the following section.
calculated for the Rician fading case. Of the two fading channels, it is observed that the Rayleigh fading is more detrimental to the relaying scheme. Specific sensor network
Using MATLABW we numerically evaluated the exact configuration and specific modulation / coding scheme may probability that the SNR of AF is greater than the SNR of ultimately determine if amplify-forward relaying in certain direct link for the Rayleigh fading case and also the upper paths in such a network.
bound (Eq. 12) for the Rician fading case. Fig.1 shows the probability as a function of g 22, for Rayleigh fading, when APPENDIX the ratio of the average SNR of S-to-R and that of the direct Here we show the steps that lead to the derivation of link from S-to-D is 10 dB. As to be expected, this probability (9). Since al, a2i ad are all independent, the increases monotonically as the relay amplification gain g conditional probability function in the integrand of (8) Fig. 2 (y = 10 dB ) and in Fig. 3 (y = 0 dB ). When where B is defined in (10). Using the definition (11) in rd=0 dB and M/ approaches zero (i.e., yi in dB the evaluation of the above integral leads to (9). approaches -o~), the fading channel becomes Rayleigh and the upper bound in Fig. 2 
